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P urpose ; To review recent advances in the develop- 
ment and clinical roles of monoclone! antibody (MoAb}> 
based therapies in the treatment of hematologic malig- 
nancies. 

Design: A search of ME DUNE and CANCERLtT was 
conducted to identify relevant publications. The bibliog- 
raphies of these references also were used to identify 
articles and abstracts. These references were then re- 
viewed. 

Results : in Hie two decades since the first patient 
was treated with MoAb therapy, there have been signifi- 
cant advances in the biology, pharmacology, and clir»i* 
cat application of MoAo-based therapies. Three distinct 
fields of research have emerged: unconjugated MoAbs, 
immunotox)n-con|ugated MoAbs (Its), and radionwclide- 
conjugoted MoAbs (RICs). The unconjugated MoAbs are 
(ess toxic but depend on host mechanisms to mediate 

PATIENTS WITH hematologic malignancies have ben- 
efited most from the advances in cancer- treatment over 
the past several decades. Although modern, therapies have 
increased remission rates, most patients stiU ultimately 
SKcaimb to their disease. The barriers to cure include 
tumor-cell resistance and the unacceptable tonicity of avail- 
able treatments, which limit optimal cytotoxic dosing and 
make these therapies unavailable 10 debilitated or older 
patterns. Even the success in such diseases as Hodgkin's 
disease has been tainted by the alarming rate of malignant 
and nonmaJignant sequelae of therapy in these otherwise 
cared patients. The challenge remains to develop less toxic, 
bat more effective, targeted therapies. 

The idea of recruiting antibodies to the fight against 
cancer dates at least to 1953, when Pressman and Korngold 1 
showed that antibodies could specifically target tumor cells. 
Not until the 197? publication by Kohier and Mitsteiti, 7 
however, in which they described their Nobel prize-winning 
work in hybridoma technology, did a continuous supply or" 
monoclonal antibodies f MoAbs) that targeted prespeciiied 
antigens become available. By \91 l h Nadleret aP treated the 
first patient with MoAb therapy. Since titan, more than 2,0(30 
cancer patients have received MoAb serotherapy. The pres- 
ent review will describe the development of these exciting 
agents and consider the present and potential roles for 
MoAbs in the treatment of hematologic malignancies. 
Although MoAbs also tire used in the purging of autologous 
stem cells ex vivo and in the treatment of graft- versus- host 



cytotoxicity. The ITs carry a potent toxin, although at the 
cost of a narrow therapeutic index that moy fimit clinical 
«se. The RICs offer significant potency, even in refrac- 
tory disease, bat their complexity may limit their use to 
targe cancer centers. The current challenge* in the devel- 
opment of MoAb-based therapies are to identify the 
proper rorget antigens, contend with bulk disease in 
which penetration may be limited, and choose the 
optimal clinical settings for their use, such as the mini- 
mal residua! disease state or in combination with con- 
ventional chemotherapy. 

Conclusion; Although significant research is still 
needed^ MoAb-based therapies promise to offer new 
options for the treatment of patients with hematologic 
malignancies. 

J Clin Oncol 16:369 1 -37 JO. «> 1998 by American 
Society of Clinical Oncology. 

disease, these topics, have been extensively reviewed else- 
wliere' 1 - and will not be examined here. 

In general, three main classes of cytotoxic MoAbs have 
been developed. The first consists of unconjugated MoAbs, 
in which the MoAb itself mediates cell death. The other two 
classes tire composed of MoAbs conjugated either to a 
potent toxin or a radioisotope. Despite the simplicity of the 
concept, researchers have confronted a number of technical 
difficulties, which unhide the selection oi a pmpn target 
antigen, efficient delivery of the MoAb to that target, 
complete eradication of tumor at all sites of disease, and the 
attendant toxicities of the MoAb therapy itself. 

The selection of a proper target antigen is essential 
because it cannot also be shared by critical host tissues. 
Fortunately, hematologic malignancies express some anti- 
gens not shated by other crucial organs, although typically 
they are shared by one or more normal lymphoid and/or 
myeloid cell compartments.. Cross-reactivity with normal 
host cells is tolerable as long as the progenitor or stem-cell 
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population remains intact and can regenerate the normal 
hematologic tissue. 

The target antigen must also be ptesctU either on all 
neoplastic cells or on the self -renewing Monogenic popula- 
tion of neoplastic ceils. Furthermore, target antigen expres- 
sion must persist despite the strong negative selection 
applied by MoAh therapies. Malignant disease may escape 
therapy if an antigen-negative clone, develops, a problem 
encountered ici some of she earlier trials that used anti- 
idiotype MoAbs to treat patients with noti-Hodgkin's lym- 
phoma (NHL)/'" Radioirmminoconjugaies <RICs) are tin 
exception to this requirement because the radioisotope emits 
particles with enough energy to kill adjacent, potential!) 
nonanti ge 11- be art n g ceils , 

Appropriate target antigens also must, respond ptoperly 
after they hind the MoAb. In the case of unconjugated 
MoAbs. the antigen-MoAb complex cannot undergo internal- 
ization or shedding, but rather must temain on the cell 
surface to allow the exposed constant portion t.Fc} to activate 
hos>t effector mechanisms, in contrast, MoAb-toxin conju- 
gates (imjituaotoxins ffTs]) must be internalized, which 
allows the toxin access to critical intracellular processes. 
MoAb-radloisotope conjugates (RlCs) vary irt their artUgen- 
modulatioa requirements, which depend on the specific 
radioisotope used. Antigen density and MoAb binding 
affinity also influence MoAb cytotoxic efficacy.*'' 

The MoAb must have access to tumor cells al alt sites of 
disease. Bulky tumors, with poorly vascularized centers and 
high interstitial pressures may hamper MoAb diffusion.'" ,: 
Moreover, lymphotnatotts nodes may have disproportion- 
ately poor capillary permeability, which further limits MoAb 
penetration u MoAb fragments (Fab' fragments) and smaller 
25 -kd, single-chain, antigen-binding proteins have the poten- 
tial to penetrate deeper arsd more rapidly into tnmot 
masses. Unfortunately, the serum half-life of these 
agents appeats to be shortened, which lowers the mean 
serum concentration and decreases the concentration gradi- 
ent that drives diffusion into the tissue sties. 1 '' 

Circulating tumor cells pose different problems. Most 
trials that include pal tents with peripheral-blood involve- 
ment show rapid clearance of circulating malignant cells. ,7i9 
Unfortunately, these responses are usually transient because 
the collective bulk of circulating disease acts as a sink for the 
MoAb. which leads to its rapid clearance from the eircula- 
tion. !, ~ 0 Circulating free antigen presents an analogous 
problem.* 1 

Of tee the MoAb reaches the tumor cell, it must cause ceil 
death. The MoAb may trigger complement-dependent cyto- 
toxicity (CDC) 11 or antibody -dependent cell-mediated cyto- 
toxicity (ADCC). Murine MoAbs are less effective than 



human MoAbs at mediating such host effector mechanisms. 
Accumulating evidence also points to direct MoAb cyto- 
toxic effects on tumor ceils/" 1 -" 1 For example, the MoAb 
ma j bloct binding ot in endogenous ligand. whiih depmes 
the cell tit i critical iurviv.il signal ^ or tt may numis u 
which 'BggeTs evtitouctty or growth arre^ " 

Ihtis, the properties of the target antigen, the MoAb. and 
theii interaction m determine the aumtv ot a gi\en 
MoAb therapy The final determinant of success is the 
degtec of norupet. the toxtcin attributable to the MoAb The 
side-effeu profile of MoAb ttteiaptes tane 1 - considerably, 
depending on whethet the Mo\b is conjugated and the 
nature ot the <. onjugafed mniei\ Because these agents are 
foreign proteins, teu'e alktgtc tenuous ate amnion 
Appnworuatdy one thtid ol the pottents exper ence lnitision- 
relatssd symptoms which include fevois ngois and diapho- 
resis m approximately 20<> and hypersf»nsit<\»\ reactions 
such as uiiieat id, pruntis, and bronehospasm, in approxi- 
mate! \ 20^ ^ Rarelx anaphy laxis dt \ e lop , 

Toxicity also ma^ result irom the MoAb troswt acting 
wtm normal host ti^ues Main MoAbs directed agamst 
hematologic malignancies dtpLle a subset of hmphoid or 
myeloid cells Another consequence of the administration ot 
xerioyc-nc MoAbs ts a host Immoral response, spCv ifii.ally 
the iotmation ol human atmmouse anttbodies dIAMA> 
With 1 1\ a separate humoral 3 espouse to the u»in tonjueate 
also mav develop Approximated one third oi the patients 
will develop a H -\MA response Lsen profoundly immuno 
sup})tessed patjentf. siuh as those aitet bone marrow 
transplantation'" 1 ' or with advanced lilV disease/ can 
form HAMA responses These host responses may substan- 
tiailv alter the pharmacokinetics ot trie MoAb it re- 
admsnisteted whuJi leads to rapid clearance troni the 
circulation and limits the ability to it treat patients The 
theoretical possibility of mdutmg serum -ickness also 
exists. 

Techniques to humanize murine MoAbs ha\e been de\ei 
oped to ameliorate the host humoral response Through 
genetic etinneeimc me'hods, the murine \anabie regions 
responsible tor antigen recognition cm be spliced into 3 
human immunoglobulin {Igl backbone ,4 which urates a 
chimeric protein sutfi a prolonged serum circulation time 
and substantial!} less immunogenic it\, ^ ^ wmch allocs 
repeated dosing ' v4) Tlx hum-m Fc portion of a ihtme.it. 
MoAb also improi cs its ability to mediate t 'DC and ADCC, 
which increases potencv compared *uh the parent murine 
MoAb " ** Acute mi usion-t elated toxtctttes appear to be 
identical to those seen with murmi, MoAbs" 1 " 4 * but 
decrease substantially a uh second and subsequent doses.*' 
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UNCONJUGATED MOAB5 

Unconjugated Mo\bs constitute the simplest application 
ot targeted Mo \h therapv Table ) lists the rna|or ciinu a! 
trials of unconjugated MoAbs m hematologic malignancies 
Despite early limited successes.' a number ot barriers to its 
eflective use bad to he oveicortie Barly attempts to choose 
forget antigens focused on maximizing selectivity In the 
( ase of surface Ig expressing B ceil malignancies the 
idiotype of die Ig molecule repie.sents a unique tumor 
specific eeil-jurface antigen and thus, ,i logical target for 
MoAb therapy. 7 " 1 

A series- of trials, in a total ol 34 patient-. v\ tth NHL used a 
bio«d range ol dose-, of ann-idiotypit MoAb* and docu- 
mented clinical responses m 23 patients with stv complete 
response. (.CRsL" , * 7C " (, five or which lasted more than 5 
}eais. 77 B tops j specimens of tumor and bone marrow 
showed antibody binding, which proved that these Luge 
molecules could penetrate into riimor-mvohed (issues ,s 
i.nfortimateh, relapses vuth tdtotype-negattve tumoi re- 
sulted iti tumor escape from therapy ' J9 /s " The piesence of 
circulating shed idiotj pe 4? M and the foimation ot II\MA 
responses further limited efheac.) Hnallv. the need to 
custom make anti-icbotypie MoAbs based on each pati< nt's- 
lumor nmie this specific therapy untenable Because ot 
these difficulties, anti-uborjpe therapy has been large!} 
abandoned Current appt caches taiget hematopoietic some- 
times fineage-spetific, antigen* that are common to all 
tumors of a given subtype, such as B eel! MUL or T-cell 
acute l\ rnpriohlastic leukemia (ALL ) The trade off is that 
nos nui ho-.i ceils that exptess these antigens also aie 
targeted, which contributes to the EoXieitc profile ol these 
otheiwise weii-toieraied agent 1 - 

All the trials published to date have been pfi,i.se I or li 
studies that used a broad range oi doses and schedules with 
wideh varying effieacj rates (Table I) The anli-CIXX) 
MoAb Rituxan (IDEC Pharmaceuticals, San Diego, CA, 
and Genentech, Inc. San Francisco, CA), has been the most 
extenstvef) sttidied unconjugated Mo\b This murme- 
human chimeric MoAb consists of the murine variable 
tegtotts Irom the patent 2B8 Mo^h grafted onto a human 
IsH<f constant- region backbone* 1 The CD2t* antigen is 
neath an idea! target tor unconjugated MoAb tlteraps 
because it is not expressed on precursot B cells or stem ceils 
but is joiiftd in high density on mature B ceils t normal and 
malignant t, with the exception of plasma ceils The antigen 

not shed and does not appeal to undergo modulation in 
response to aulihodv binding furthermore, m utto data 
suggest that MoAb binding to CD2o nus trigger apoptosis-' 7 
and tnercb\ decrease rebate on host < IK ' or ADCC 

Die imttal phase 1 trials, A'hich used a single boius dose 



and repeated weekly closing: in patients With reUpsed 
CD20- B-ceil NHL. were stopped beiute the dose-hmitmg 
toxicity tDfT} was reached despite the administration ot 
inoie than a gram ol MoAb to some patient ,, 4 ' iK> which 
attested to the benign side effect prohle of this parttctiUi 
MoAb Subsequent phase 11 trials enrolled more than 2U0 
patients \cith relapsed low -grade and toiheuiar NHL ,f 
The patients received V7S rng/nt 2 of Rituxan cveekh fot 4 
weeks. Although these patients had a median ot two pi tor 
reiapses the response rate was 4h a s. with o 0 'r CRs Many 
patients had no detectable residual disease w ithm peripheral 
blood and bone marrow compaimtents, based on pol\ mei a'-e 
. ham reai nor ifCR 4 anah s^ for the V 14 1 81 translocation, 
although patients still ha<i nodal msolvemerit S2 The median 
time to lesponse was apptcmmatelv 2 months, with some 
patients who continued to jhow progressive responses to' 
seveta! months thereafter. 

Toxicities were gerteialh tumoi and consisted alrtiost 
entueh of acute mtusion-reLiied reactions As expected, 'he 
normal matin e BecH popuiation lapidh declined after 
treatment and recovered over 3 to *i months There was no 
inctease tn the tate of mlcv tiuns-. probabh because fg wid 
'I-celi levels ttmatned stable hnolij. oniy minimal HAMA 
rcsjxmses were tlixum^nted in less than I't of the patients 
Based on these data, the Food and Drug Administration 
approved the regimen of 375 mg/nr »e«fvh for 4 weeks tor 
the treatment of relapsed low grade or foliicular NHL 

Preliiumar) data ate available on die use ol Riiuxan in 
conjiittetion With combination ehemotlierapv In \itto stti<{ 
ies showed svnergistie c^toto^ic^t^ wtienCD20 t cell lines 
were treated with Ritu^art loliovved by cheitiotherapv ^ < » 
One piovocative stud) treated W patient ' with lov% -grade 
NHL (.3 i patient;, were preuc iisiv untreated) with Rituxan m 
combination w jth full-dose cvcfophvispliamtde, do\orub)em t 
\ met istine, and prednisone (CHOP* chemotherapy iM 
tVoczman, personal communication. Match i^S-t The 
iesponse rate was MXFt, vvtth about two thud< CRs 
Furthermore, of eight patients scho had detectable disease m 
penphen.1 blood and bone raartow. based on PCR an.ds-.ts 
foi tU4,!i) -.even patients achieved a clinical CR and 
became PCR-neyatne m the blood and bone matrovc an 
unusii.il occurrence {or patterns treated with chemotherapy 
alone ?s To date, one of these patients has become PC 'R I for 
t(14.1M. although he remains m a cluneal CR Folios -up 
data are sttli ux tmmaaite to determine whefhi,r Ritn\an, 
either alone ot m eombtnatton, veil! affect the uatmal iustoi v 
of low-grade NHL, 

Rituxan also ha* been Used to heat Mt'alf numbers oi 
patienfu with mtei mediate grade (aggressive) NHL A phase 
0 study of 54 patient,-, vvtth i elapsed oi tetractorv uitetmedi- 
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ate- or high -glade NHL, which included 12 patients wuh 
mantle cell lymphoma (MCL). showed a il'-i- single-agent 
tesponse t ate. 6 * Three tesponses were in the ii assessable 
MCI. patients. A trial of CHOP and Rituxan has also been 
conducted in 33 patients (27% aged older than 65 years) 
wish previously untreated intermediate-grade NHL, 73% of 
whom had stage ill or IV disease. Tim combination resulted 
in a response rate of 97'^, with 73% CRs.*' The study also 
showed that the two modalities could be- administered 
together safely without increased toxicity. Rituxan is cur- 
rently being tested in other B-ceil malignancies, which 
include chronic lymphocytic leukemia (CLL), MCL, and 
multiple myeloma. In the tatter case, although plasma ceils 
do not express CD20, (here is some evidence that the 
clottogenic preeufsoi may.* 0 Latge cooperative group trials 
are addressing the use of Rituxan as an adjuvant therapy for 
patients with intermediate-grade NHL. Maintenance therapy 
is also hemg explored," 7 although antigen escape may limit 
its use ss 

Another MoAb that has undergone evaluation is the 
CAMPATH- 1 MoAb. targeted against CD52, an antigen 
expressed by both B and T ceils, as well as monocytes and 
granulocytes, but not stern ceils.* 1 * Early studies used a broad 
range of multiple bolus doses of rat monoclonal IgM or IgG 
to treat 20 patients with a range of B-ce)S malignancies, 
which included NHL. CLL. and ALL." The IgG depleted 
malignant celts from blood, bone marrow, and spleen but 
had no appreciable effect on lymph nodes or extranodal sites 
of disease. Toxicities were mostly infusion related, such as 
fever, rigors, malaise, nausea, and vomiting, as well a.s 
bronchospasm and angioederna in a few patients. 

The humanised version, CAMPATH-iH. has shown effi- 
cacy in CLL. although with significant toxicity, A seties of 
studies in patients with previously untreated or refractory 
CLL (hat used it fixed dose of 30 mg three limes weekly 
either intravenously or mibeutaneously for f> to IS weeks 
documented response rates that tanged trora 42 to greater 
than #0% and a 1 2-month median duration of response 
Again, iymph nodes w-t. the most resistant sites of dis- 
ease, w which argued for poor penetration of CAMPATH- 
IH. Tonicities consisted of infusion-related reactions. World 
Health Organisation grade fV neutropenia or thrombocyto- 
penia of short duration in some patients, and grade IV 
lymphopenia in all patients, which led to profound immuno- 
suppression. CD4 counts remained depressed for months in 
some patients.*' and there were multiple cases of opportunis- 
tic infections, mostly vital reactivation.'" A separate study in 
1 5 patients with T-cell prolymphocyte leukemia (PLL1 also 
showed a CR in nine patients. 71 Unfortunately, two patients 
developed bone marrow aplasia; one patient died as a result. 
These aplastic events atgue that although CD52 may not be 



identifiable on early stem ceils, a progenitor population may- 
be depleted after treatment with the CAMPATH MuAb. In 
summary, despite evidence of activity in CLL/PLL, the 
CAMPATH- IH MoAb underscores the impact that antigen 
choice and cross-teactivity with normal tissues has on 
toxicity. Pivotal trials are in progress to secure approval in 
the United States for the use of CAMPATH- IH to treat 
refractory CLL. 

MoAbs targeted against CD19, S& - 7 CD2l, >0 and HLA- 
DR® also have been lested in patients with B-cell NHL with 
limited success f Table i >. The CD! 9 and CD22 antigens are 
known to internalize, on antibody binding, which makes 
them poor tatgets for unconjugated MoAb therapy.** Minor, 
transient responses also have been observed with the T101 
MoAb, which targets CDS, a T-ceiJ antigen expressed by 
CLL cells Studies showed that CDS undergoes rapid 
modulation in response to T101 therapy. Other target 
antigens include CD30 (or the treatment of anaplastic 
large-cell NHL* 3 and CD40 for B-ce?i malignancies.-* 

CD 10 and CD25 have been exploited as targets for the 
therapy of ALL, The former, also termed the common ALL 
antigen (CALL A), is expressed by a latge proportion of ALL 
cells. An early phase I trial with the anti-CALLA J 5 MoAb 
m tour patients resulted itt an immediate and rapid decrease 
in circulating blasts. Unfortunately, a population of CALLA 
blasts persisted, and as serum levels of J5 waned, CALLA + 
blasts re-emerged.' 7 ''" In studies widi the anti-Tac MoAb. 
which recognizes the interleukin-2 (1L-2) receptor, some 
patients experienced CRs that lusted up to 3 years. r - $ - fiS T-cell 
depletion, however resulted m several immunosuppression- 
related complications. 

Finally, a number ol studies have used unconjugated 
MoAbs to treat patients with iiiiane-oif- 1 cell hmphonu. 
The TiO! MoAb again was unimpressive in a phase ! study 
of 10 patients who received a 24-hour intravenous infu- 
sion.-"* More significant, but short-lived, responses were 
seen with the cMT412 chimeric MoAb. targeted against 
CD4. another T-cell restricted antigen.'*™ Skin lesions 
responded in most patients, and cMT412 was shown on skin 
biopsy specimens. Although CD4 counts were depressed at 
the higher doses, the rate of opportunistic infections did not 
increase. 

There is only limned published experience in the use of 
unconjugated MoAbs in the treatment of acute myelogenous 
leukemia (AML). A cocktail of IgM and IgG MoAbs 
selected for their ability to recognize granulocytes and/or 
monocytes was used to treat three patients with AML and 
resulted in only transient decreases itt citculating blasts. 7 - 
At! unconjugated antt-CD33 MoAb was studied in 10 
patients with AML. again with limited responses m two 
patients. 75 
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Thus, unconjugated MoAbs continue to hoki significant 
promise for the treatment of hematologic malignancies. The 
body of research to date identifies the importance of such 
issues as antigen modulation, host cross-reactivity, and 
tumor bulk in the efficacy and safety of these agents. The 
CD 20 antigen appears to be one suitable target, and further 
studies with Rituxan wiil help delineate its ultimate place in 
the treatment of a vaiiet\ of B-eeli malignancies. As this 
held expands, she goal is to create an armamentarium of 
unconjugated MoAbs capable of treating every hematologic 
malignancy. 

iMMUNOTOXINS 

An alternative to identifying MoAbs with both specificity 
and cytotoxicity has been the development of ITs. These 
constructs involve the linkage of the MoAb to a protein 
toxin, which allows the targeting and cytotoxic functions to 
be divided between the two moieties, <,i -' N although ADCC 
may still contribute to overall FT cytotoxicity."* Growth 
factors and other natural ligands. such a* IL-2, also can be 
used to carry toxins. i0; ~ !,>? The toxins used teg, ikin, 
diphtheria toxin |DT]) are highly potent natural products 
that disrupt protein synthesis at picomohr concentrations, s * 
These IT constructs are at least three orders of magnitude 
more potent that! unconjugated MoAbs in vitro, which show 
clinical responses at. milligram doses. ts - ;C!h 

Unlike unconjugated MoAbs, which require ifte antigen- 
MoAb complex to remain on the cell surface, most ITs must 
be internalized after antigen binding to allow the toxin 
access to the cytosol. ;07 - ,l,H Once inside, intracellular protein 
trafficking mechanisms must convey the toxin to the ribo- 
soma! com pies. 95 

Plants and bacteria have been the source of most of the 
toxins studied. Ricin is a two-chain plant toxin that has been 
studied extensively in the treatment of bemaiologic malignan- 
cies. 1 " 9 ""' DT. the only bacteria! loxm used to dale in the 
treatment of hematologic malignancies, also disrupts protein 
synthesis." 4 Although the conjugation of toxin to MoAb 
confers some target specificity, the binding domains of tits 
toxins continue to mediate nonspecific binding to normal 
host tissues. 'Thus, the structure of the native toxin must be 
modified to delete the binding properties while cytotoxic 
activity is preserved. The simplest solution is to eliminate 
the binding domain. 115,1,6 Examples of such ITs include the 
ncin-based RFB4-dgA. directed against the CD22 antigen 
for the treatment of B-celf lymphomas, 70 and anti-TlOI- 
RTA, for the treatment of CLL." 7 Without the binding 
properties of the native toxin, these ITs rely on the internal- 
ization of the target antigen to achieve cytotoxicity, which 
thereby limits the choice of exploitable !T targets. An 
alternative strategy involves retaining the binding domain 



hut with modifications to limit nonspecific binding, winch 
has been used with both ricin-and DT-based ITs."* 

Art alternative approach to IT development has been to 
fuse the DNA sequences that encode a toxin to the DNA 
elements that encode the antigen-recognition site (Fv i of the 
MoAb, which creates a relatively small molecule with both 
binding and cytotoxic properties. ul '- u: ' The DAB 4W> IL-2 and 
DAB if i9lL-2 fusion toxins embody this approach, in which 
DNA sequences for IL-2 replace domain i of DT. ii!3! ' :J 
Although these smaller molecules may have better penetra- 
tion into bulky tumors and reduced immunogenichy, 174 they 
have lower binding affinities and may be less potent than 
whole MoAb conjugates." 3 

The vast majority of human trials of IT therapy have been 
phase f studies, designed to determine the maximum- 
tolerated dose and DLT (Table 2), Collectively, these trials 
have shown that therapeutic serum levels of FT, capable of 
up to a 5 -log tumor cell cytoreduction based on preclinical 
data, can l?e achieved in humans with tolerable systemic and 
organ-specific toxicities. Both bolus dosing 1 * 20 and continu- 
ous infusion schedules 1 - i2f ' have been tested with no demon- 
strable advantage to continuous infusion. 

A striking feature of the IT trials is the relatively uniform 
toxicities seen, despite the broad variation in MoAbs and 
toxins used. Most phase I studies were dose limited by the 
development of a vascular leak syndrome, characterized by 
features that included hypoalbuminemia, weight gam, periph- 
eral edema, pulmonary edema, hypotension, and pericardial 
effusions. ,fl • t ' iJ ' ):i 1 ^.i:*.t:'?- i ?* u f Toxin-mediated endothelial 
injury has been implicated as the cause of this reaction.'** 
Other common side effects include fever, malaise, nausea, 
and hypersensitivity reactions (attributable to the murine 
origin ot ITs). Reversible transaminase level elevations are 
seen frequently, particularly with anti- B4-hlocked ricin 
(hR)'*-'* and bABWi..■•2. i02 ■ i01 • ,^4 The dgA-lTs have been 
associated with rhabdomyomas and CNS toxicities/"- 11 * 176 

Another common finding among FT trials is the high rate 
of host humoral responses to either the MoAb or toxin 
component. Re-treatment is no! feasible, in most patients 
who develop an HAMA or antitoxin response, because the 
IT is rapidly cleared from ihe serum ant! can he neutralised 
by the host antibodies. However, studies with the DABj&JQL- 
2 !J * and DAB^jlL-? fusion toxins' 4 -' showed clinical effi- 
cacy despite the presence of detectable HAMA and anti-DT 
titers, which implied that not all humoral responses are 
neutralizing. 

Table 2 lists the major published clinical trials of IT 
therapy, gtouped by disease category. The trials in patients 
with NHL that used ITs composed of either anti-CD 19 
(anti-B-1 -bR 1 *• ; " and HD37 dgA' ■' f • ' ;s ) or ami -CD22 1 RFB4- 
dgA- 2 "" 2 " ut, ~) MoAbs, uniformly showed low response rates 
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m the 1<N to 2^,c iai*e I he DAB^Jl- I fusion to\m 
stmiiatlv had limited activity m boift NHL and Hodgkin s 
Urease i,c "' , 1 M Poor penetiation tnto sites, ol huikv disease 
has. been the explanation offered lor these low response 
rates 13 The use of (Ts to treat leukemia has been eqnairy 
disappointing, despite the broad array <>i c on;ug<stes ihit 
ha\ c been tested ! 1? !4<; 147 These agents tail to show 
durable efficacy, mainly tor the pharmacologic reasons cited 
eat her Most trials document a decrease m the number of. 
circulating tumor veils which return once she FT ha? been 
cleared from the circulation. 

The minimal disease state would appear to be the optima! 
setting ioi IT therapy Only ariti-B4-bR ha- been tested in 
the adjuvant setting, m patients with NHI who attained a C K 
alto high-dose chemotherapy and bone marrow transplanta- 
tion 20 *° ' ,s Inma! phase I and II pilot tn als appeared to show 
improved disease tree survival ovet historic controls, mi! a 
subsequent landonn ml phase Fil trial could show no benefit 
with respect to relapse-fiee or o^eiall survnal among the 
pattens treated with anti-B4-bR i:? 

Future diret nons m IT research me [tide the search foi less 
immunogenic toxins' 49 i<5 and tonus thit act at the ceil 
surface 11 whtvh ob\ sates the need lot internalization 
The use of nonprotein toMus is also be-mg explored 
Preclinical and earh clinical studies have been conducted 
with the rnaytarismoids 1 "" and the caiicrteamiems. i,T w ' 
which are two to three orders or magnitude more potent than 
conventional chemothetapeutic drugs 

Finally, the-*; agents may have a role tn < ombtnatton v, ith 
conventional cytotoxic (.hemo'huapy Piedmtcal iti vitro 
and tn vnn <Xau show energy between the two rnodal- 
ittes JM Lurtt!ed clinical trials show that !Ts can be 
administered safe!) m umiunvtion with chemotherapy, hut it 
ha- been difficult to show enhanced cytotoxicity m the 
absence oi a phase 111 tru! 

In suramai v, the present generation of ITs possess limited 
clinical activity Many ot die same obstacles encounter d 
with the unconjugated MoAbs a!jo appear to undermine IT 
efficacy The maiti unique obstacle, howevei. is the toxicity 
associated with these ageaLs though in most cases, 
side effects have been tolerable the vaseuiai leak syndrome 
may prevent the adrnmistiatioi} o{ an adequate quantity of 
IT Host immune responses to the Mo^b and protein toxin 
moieties rurmer limit the clmtca! use of these agents it ts 
therefore difficult to i>e sanjmttie abotit the prospects lot 
future IT development Whereas these agents otfer me 
potential to deh\er cytotoxic tosms specifically to the 
malignant ceil, thev Lick the ea<e ol use and low ndt effect 
protilt ol the unconjugated MoAbs, as sceli as the ability to 
kill bystatidei cells offered hv RR"s 
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RADiOtMMUNOCOHJUGATES 
RiCs consist of a radionuclide coupled to in \1o4.h v,ith 
the intent ot setceiiuK deinertng toni/tnt: radiation t) 
tumor i elh Hematology malignancies ate ideal candidates 
tor such a treatment approach b^ciiise ol then exquisite 
tadiatton sensitiuty Although mam ot the same mites that 
naiM he considered in the design of unconjugated Mo Ah and 
IT therapies aiso apply to RIC thejapies the^e agents offer 
some distinct advantages 

The t*>o mai^r ladiojuieftdc'S u-~ci m RIC synthesis 
1<I iodine ^ 'h and ""uinum C 1 '^ !- "tut £ partuks I elec- 
tions) 1 * Thus, these agents vats induce lethal PNAdam 
at a distance and kill not otih antigen positive -ells bot also 
neighboring cells thai ma\ not express the utget antigen"'' 
oi that m<.\ i>e phv-sicalh inaccessible f urthermore RfCs 
do iK'! rely on host etfcvtoi mechanisms or on antigen 
internalization arid cvtoptasmic access Ki mudi lie cytotoxic 
iU iaeiofs that hrmt the potent % oi uiKotnujjated Mo<\bs 
and ITs NiVftthdis,. siindjr ob-tacSes rtnist still he Mir 
mounted behne RK therapies become feasible Among 
then* are noiispecinc binding by nuinial host ttsjaies, which 
contribute-, to to\tett\ and tk pieseuce oi shpd antigen. 
ura.tlaf.mg tiirnoi i.c)ts us large uimot bidk a inch depletes 
tbe quantttv of RIC available to penetrate into oihei site*, ot 
disease. 

\iltVmgh 1 'I and w > both emu fi particles l,vs t emits 
highc enugv parttcks, -which base a longer mean path 
length i5 Dim i 0 S rrtin> and thus deeper tissue penetration 
r! f also emits a high degree ot -y radiation and h is a half-hfe 
ui W houts svticreas ""Y has no concomitant y emission 
and ha 1 - a consider ihi> shorier halt lite of 64 hours Thus w \ 
has tbe thcoietic advantage ot delivering higher radiation 
doses m <i m >re homogenous distribution The short halt-lite 
and absence ot v ^missions w ith K 'Y based RTOs ab o pci mi! 
outpatient ther ap\ whereas 5| I-basv.uRK sp»e\ioustv were 
administered m the inpatient seiting under stuci radiation 
isohtioft Nev.^t \uvk\ir Regulatory Commission rtguh 
sums will relas tins n,t|U!iement 

Most -tiuhes- lilC therap\ require carciul tlosimcirv 
rneasuieineiits v.iih trace -labeled MoAbs boiore she adrrtm 
istration oi iherajwuhe doses to ensure that the ladtatusn 
dwsv.i delivered to all sites ot tumor eMoed the doses iu 
normal organ-. Such biodista ibutmn studies are conducted 
*ith gamrna tinasJi'c c imeras atser the administration ot 
lost doses tjf radjoactivit> ^ to JOirtOl using tracc-Jaitted 
Ri( lw r4 Onlv if the bioJistnbimon is deemed fasorahie 
can patients tecene the rbannas-ologu dose of RIC Be- 
cause panents differ considerably m tumoi bulk and lota 
ijon, stieh do<i!rnctr> rtudies can show ^fnkinglv ditfen.nt 
pitterns ot predicted radiation e<cpysuje 
The distnbulion bulk, ind total hunien oi Ufmoi stgnih 



c inth deicrnucie dosimeti> Spleen si/e v.,sri be a pai titular 
ptobkm that disqualifies moit th in SO J ot the patients w ith 
sp5enomeg<ii\ horn RIC therapv " , ' " although moie letent 
studies svuhthc ^'i LYM 1 RIC suggest that onl> mas,ne 
spieens pre^'ude RIC tlierap\ ^ \ iaige tmnoi burden <an 
si TiiLutj i ne iere v. ith a J j\urAb*< d strtbtmort >>f r idt.it ion 
Pk-s« et a! ~ <r,> using ! M labeled jrwi CDiO and anti- 
CP*7 RICs, found tliat dosimetrv studies »ue favorable 
almost ex-lusneh in patients %uth i total tumor burden of 
less man ^()t) e In an attempt to improve btojjstnbution 
mafi> studies ba\e aomtmsteieiJ cold o - unlabeled Mo^bs 
K-k'ie the dose of RIC " v Thift tnaneusei pre,amab!\ 
saturates the R receptojs ot ictKuK nd<ithehal i elfs, whu h 
mititni/i s nonspeeitic bindmc to normal tissues and thus 
imp^es {he therapeutic in-de* Whtihei (t af o enhances 
cytottKieitv is unknown, 

HICs also presert" radiation safetv concerns, Tin remme 
ti^ent for an onsjte ladiophaimaes -md dosimetrs idkula 
tion^ mav hmtt the applualion ol this approach to a sm.il f 
mimbet ot centers In contiast to tinnxin^ated M*. Ab art J 
ITs Rl< s lu\e the additiotsat to\ttitv ot wseiosuppRiston 
w fiK fi ha» uniform!}' beers the- DLT m phase 1 trials although 
there is vunsiderablr- mterpatient s inabtht) m the depth and 
uuratton ol the ruutfophil and ptatekt nadirs 11 hi general, 
ihe penpheta! tou.jtt. nastir at aepn.'MniaieU * to 4 s\pcks 
aijd can lema.n low for a.i long as lb weeks posttrcaimetH 
before lull recovers , " J|,,< -'' :! * Ibghei doses of jathoaetiMts 
ceneralK result in a Etwte tapid deeptr and piolonged nadn 
i >ther tactois, such is pi tor radiation fheraps and cytoto'cic 
chemotherapy also affect the decree oi mye iosupptesMon 
One factor specific to RIC therapy .s bone mariow mxoKe- 
mcnt bv tutnoi and ns correlation v.ith loxicitj Intensive 
bone maiTOVx tnv'ihement can lead to gicatet bwditig ot 
RK" o' th ■> Mte mci a l<- gei cadiattot, c ose dcineiei to the 
norma! marrow hematopoietic eleinents 

At htghei do-es of RIC with stem-, efl suppoit t aidiopul 
monar> lo\itit\ mav be dost- limiting A phase I tnal 
condttt ted by Press et af *■ achieved DLT atu r one patient 
develi^ped hemorrhagic pneumonitis, md s ongestt\c c,irdu> 
nuopath-v and anc^ther padent »Jesi!oped InpoietwiHi that 
reqtnred piessoi suppoit ^t notmivcfoablati-ve doses how 
e^'et RIC th«ap s has lew other ss-tettkt oi organ 'pectht 
toxatties \s with uneon (united \1oAfe and ITs the mtu- 
son ot RIC can he as.ouated wi'b acute s\sUmte side 
ettcets smh is feser chilfs rish and naiisea 1 " t '- 5!W ' The 
nse ot iodine conjugates ^an cau-,e hvpoth\roirfi,m " 5 rs 1 
altiiouph pietreatment wtth unlabeled iodine to limn the 
uptake ot 1 '1 b\ tbe thsioid may deuease the nsk Fmath, 
is \ nh othei mutme MoAbs RICs aho sftraula'e H\\t<\ 
tcspomcs in ab'mt 15 r - to? 4 *'? of th< patients p ri 
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Re-treatment may be possible, however, in patients, who 
remain HAM A negative after an initial course of therapy. 1 ** 

Some. RICs are now synthesized with humanized MoAbs. 
which should minimize host immune responses. The 
altered pharmacokinetics of these agents, however, have 
made investigators reluctant to embrace them. Their pro- 
longed serum half-life increases radiation exposure to nor- 
mal issues and thus decreases therapeutic index. Thus, even 
when humanized MoAbs against a given antigen target are 
available, most researchers have chosen to continue to use 
the murine form. 

Table 3 lists the major clinical trials, published to date of 
RIC therapy for hematologic malignancies. Two trials have 
used radiolabeled polyclonal arttifemtin antibodies m the 
treatment trt patients with refractory fctritin-rich rumors, 
such as Hodgkin's disease. m -**> Subsequent trials have used 
MoAb-radioisotope conjugates exclusively, targeted against 
hematopoietic surface antigens. 

The trials of nonmyeloablative RIC therapy tn NHL have 
reported high response rates despite the enrollment of 
patients with relapsed or refractory disease, which included 
some patients in whom prior bone marrow transplantation 
failed. The conjugates that target a number of antigens, 
which include HLA-DR,'**- 1 * 1 CD2(>, ,71 >' 7 ~ 2P<1 CD21," 57 and 
C'.DZ2 m 1,6 have achieved complete or partial remissions in 
6* to 79% of the patients; most studies reported a 20% to 
30% response rate. Moreover, the response durations in 
these patients frequently were longer than those achieved 
with their last chemothetapy regimen. 310 with some patients 
who continued to live disease free after more Shan 4 years of 
follow-up. 200 The one study of f ,! I RIC in the upfront setting 
in 25 patients with low-grade NHL reported a KK)% 
response rate, with ! 5 CRs that included eight patients with 
bulky disease. 1 -**' 197 Follow -up, however, is limited. 

Based on the limited number of studies to date, the °"Y 
conjugates also appear to be quite active. Studies of ^'Y 
RICs composed of the B 1 and C2BS MoAbs, which both 
target CD20, i7< ' :n in patients with relapsed or refractor}' 
NHL document 70% (o 903, response rates. Other m l- and 
90 Y- based RJCs targeted against T-ceJi antigens, such as 
CD5 W -- 2 " 3 and CD25. JW also show marked clinical activity. 

Even greater response rates in NHL have i>eef[ reported in 
the studies that used myeloablative doses of RIC with 
stem-ceil support. 17S - 1S 5 One study evaluated 25 patients 
witli relapsed B-ceSi NHL, of whom 22 showed favorable 
biodiatribuUon studies. Twenty-one patients were ultimately 
treated with myeloablative doses of an n, I--anti-CD20 (B) > 
murine RIC, followed by te-iniusion of purged autologous 
stem cells. Sixteen patients achieved CRs, with two more 
partial responses, which translated into progression free and 
overall survival rates of 62% and 9?^, respectively, at a 



mediatt follow-up to 2 years. Toxicity included one septic 
death, two other severe infections, and one case of reversible 
cardiomyopathy and interstitial pneumonitis. 17 -' A more 
recent study showed chat U! {~anti-BI could be safely 
combined with conventional chemotherapy, which consisted 
of cyclophosphamide and etoposide, with stem-ceil support. 
This phase I/Il trial treated 38 patients with relapsed B-ceil 
NHL, and after a mediatt follow-up of 1 .5 years, 78% of the 
patients were progression free. 5 "* 

The limited experience of RtCs in the treatment of 
leukemics has also been impressive, in marked contradistinc- 
tion to the studies that used ITs and unconjugated MoAbs. 
Studies have been conducted in both lymphoid" 1 ' and 
myeloid 32 - 205 leukemias, with the latter as part of a high-dose 
chemotherapy regimen wish stem-cell support. The largest 
study, which consisted of 44 patients with AMI... myelodys- 
plasia syndrome (MDSj. or ALL, reported approximately a 
43<X- CR rate using at) aim-CD4> ' ^-conjugated RIC in 
combination with chemotherapy, total-body irradiation, and 
allogeneic or autologous stem-ceil support.*'" 7 Further 
work remains to be done to confirm these initial encouraging 
findings. 

Research into improving the efficacy and therapeutic 
index of RIC therapy is: proceeding along several lines. 
Repeated fractionated dosing instead of single large bolus 
dosing may be more active with reduced toxicity, 2 *-*-'- 14 
although HAM A formation could conceivably limit repeated 
dosing. Recent in vitro evidence also suggests that RICs may 
be synergistic with certain chemotherapeutic agents, particu- 
larly the nucleoside analogs and topoisomerase inhibitors." 5 
The use of alpha emitting radioisotopes, such as bismuth- 
212 and bismuth- 2 13, also may increase RIC potency 
because of their ability to deliver higher energy particles 
over shorter distances, on the order of 10 to 80 urn. Such 
RICs would be two to three ordets of magnitude more 
cytotoxic than conventional S-emitter-based RICs. 3 ' 1 ' 3 ' 7 

RICs show great potential for the treatment of hemato- 
logic malignancies. Although the most cumbersome of the 
MoAb-based therapies, they offer marked activity at nonmy- 
eloablative doses, even in the relapsed or refractory disease 
setting. The question remains whether RICs offer arty 
advantage over conventional totai-lyrrtphoM irradiation when 
they are administered at less that! myeloabiative doses. 
Furthermore, although the toxicity profile generally is 
predictable and tolerable, particularly with modem dosimet- 
ric techniques, it is too early to comment on long-term 
toxicities, that may !>e associated with the irradiation of 
hematopoitetic stern cells, such as MDS. 

Optimized dosing schedules and more potent radionu- 
clides promise to increase the safety arid efficacy of these 
agents. Finally, RICs may become an integral part of 
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MULTANi AND GSOSSBARD 



m>f!in((^dUve „otnb)natuin ttteniOtherap\ regimens per 
haps .iugmemmp or replacing total boih irradiation More 
studio need tu br urmduaed to fultttl this piotmst.. but the 
prospects are enticing. 

in conclusion tin development 'it MoAb based therapto 
iu encoumeted man> unf.xesetn compli^-anons, tvh.tth 
hehes tht simphutv >>t the un^ina! umupt XeveruVless, 
antihxjv based iheiapw- continue to hold pjorms>e ior ibe 
targeted tJu.it metH at hemaDlog't roali^tianuts. The tow 
to\itit\ at'd eaip of u>e make unt-onju gated MtAbs an 
attiatttvc modality that pejintts low -risk outpatient treat- 
ment with mmiiiiii investment oi lesowees 

The best jo)c* foi unconjugated f\fo\hs remains to be 
detei mined Although thev ih >v, actm(% as. sngie agents 
thes nia^ eventual! j have a greater mft m tonjuntfton wtth 
conventional ctk'kmc cfiernoihetap) or m the Minima) 
dtMiasf setting in which the problems of tumoi hiiik and 
emulating disease tan he avoided Maintenance therap\ 
tna\ he another possible use t>>r these agents although 
antigen tmitanon or modulation mas limit iepetift\e admin 
ist ration I he RK's stand it ihe oppo ite end of the spevtrum 
and offer significant etfteac\ but at the. to>t of tosiein 



Ni^er dos mi.txK techniques have unpmsed the ihthn to 
pucka to\ti_it\, hut sortie desrret of mxefosuppiessmn 
cannot lx- avoided In addition onU laige thiiital tenters 
mav have the m&Mut ona! resouiecs to dehvei this nwJaiit) 
The development oi ITs liad peihap* the. most unexpected 
u>mpij\ attons d<* pite a -.nnple conceptual bas>ss At its best, 
the eChcaev of the current generation it ffs appioxtm lies 
!ha! of uneomyoated Mo \bs but v» ifh idded toxtcitv Tht! 
not feneration of tnsm tonjugiles ^htch use new towns 
aj\d hurnaiwed MoAhs. mav nuprine the therapeutic indt\ 
and potent \ of these agents, hut for now, i Is appear 1o be tilt 
furthest of ail the MoAb based therapies ttom general 
clinical use. 

Thus Mo^b based lheiapie- mas have impoitaiit roles at 
many phases tn the tare ol the patient wtfh a hematoiogit 
mahgnanc) from initial taaf nent through relapse a id into 
sterti-uUl transplant In eath of these settings a diflerem 
MoAb based modains mav he used Much of the work to 
show the fea,ibi)t!v 01 delnennp: these ihetapus sateh tu s 
hetn tttmpltted but considerable \soiK still remain 1 , to 
optnriiA' etfitat y and define appitipnaie uses 



! t'r, siinnTJ korufoU 1 'fh. m i r o ttn-ah attou.-f urn \W t me> 
i. Ili „'eni swuonid wtfh .J\ Cancer t>cl^ t>2\ t^s, 

; kniitei 1 1 \hi\tem I t ujhuuhmis tuttaic'; ot to x\j <. eth *i refine 
imihfdv >tprcd tm !'p.ci*icnv N*Ue< «s 49? 

» NacitfiiM St tstienko f R ttat S nxheiar-t jfapauont 

wilii a rarasocloeal antibody directed against a human Ivropnoma.- 
i_ ■> ^un.ge l iu;'Rus-< M-T -ilM 

- HnintnlL bJ' t f i T> ur^i"; ....o o^ju bo'ie iaro^ w th 
I'tonouU „ntihodtes tor IxansplauLaat p n ^ut^ t)t\ t 'oc;cnous teuke 
mu B' KHi?^. i ! s\i of) t'-J"' 

" f-Ummcrt LC Sill CD tVilinv' raarrnv or ptriphtj^i hkuvj sum 
.^tis tar jtllfi^utt itf f hit Opjit llemawl 4 42 i 4^* i«" 

^ 8r. si Miller RA. Horning "J flat TitvimuU ot B-^eil 
f' mphi iiwi » uii auti idtoivpe mtihodies lion-' md in (.omhifijUoti v icti 
tljifujtittrtfr.m BKxii 71 f> >l Cxo lOs't 

' Mt.;-i.cr I luwj'f i Ciztfy ML et li Tm igfisc ut id! uvpt 
\uunii ctiiHik utounrnt ot B itti Kniftt) mn with mli «tu>rvpe 
anuoodi - N ru>;i J Meo TI2 ivx lf>t>" Us^ 

V .StuyC SIjolMo 1R Moinsun PF ei at Prodiaect observed 
cfit i- t .tmttxxk Jtimh tnd antigen ie>i,u. w mono I >r> tUriukiJi 
upliVm uti.fnmi.r- i uxtrR.. : >"*'' ?8+. mz 

<■■> <. in Ho,sv;n PJ . Oos-uUi ml > \ de Wine f t it f\tut ^IC 



oilonat aiitihuiiij uptake h 



cna: i 



r of jncematt/rd .note«.ules 

! PK tilSMOkiClL KilTKI 



it. 5m.ni 



j other 



>r Res so a 



amibuJie.. i 
819s, !990 

It D is«eh W Braunfm 5L Sesomb TV, Ut^t ot 
-irf.m^eratiit mii intif filial uifauie fraction r>n lh« ditfosj* jcv 
fin n KliinalajitibvJn smti'sut Bmphvs 6-4 ir^s 6* I** 

): H tt if.W HalfsmM- Mmin KO a 5! Iun»>r^«: Fft Lt . 



I98f> 

1 ' Sedlau^ H H 6«mann 0 31ot*maii 0 tu \nubodu j' 
■«d«s of v \tf M\uit> mHiijwiH Queifier teds; Cofitributu n I" 
thvoiiws Ba-et Sssjt^fla.U Kaiyer IW2 

It > »k. wi ValjnuDlV VibiJo^M e A S »p- tu" ..r jswu 
'i i ■> i s iv. iMih ml .j 'pf mi >ub mi imnwi yJ^outir 

Js Reiter \ Pi t3j) i Antitvdv engmeenn^ >it retomnmant F% 
itiwium t rtiii tor tmproted tarsu rs of tinker Di^^'fide .tabtu^'J f > 
immunoioiwps H n r JB se-Pe& 2 24= :s:2 fOOf 

U> SrfitoT KrenraaiiU iiiiiadtS tt it s-jtfjwvuitv ot t> omhj 
nmf bib .md f ^ immnn"WMn\ tm xtult 7 utt ieui\«i iia iunph node 
aim blotxt ct th m the presence >t i ifubie it.te leukm 2 reteptor Cancer 
Res 54:5059-1064, 1994 

r Rite t Pt .moo 1M Si'tm Si. f-t i! Serotht.faps ot jeme 
hniphtib! i'fiu letiJ-emici with monoclonal antttuxiy Blooa St Ut 150 
lyst 

IS t>Ms'bard ML Freeoman \S Kit? j Seiut if ot H i < tl 
JWf>jita.,ro, with anti K4~h|fxKd rKin \ pha.se I tu i] of dai'v boin<, 
infuswo &JooJ" t > '""i ^\ f>A 

l ( > (.fos'bin-J ML Umh^rt iN G»ldmatb« VS ut al B4- 
'itwkt J ntiti A pbist J trui ot " ih\ toitunu >u intusioii jj) j-atml' 
Aith H ttli neopl^m I i_!jnniic.ot It ^~>f> ~V> (Oui 

~><) AiaiolPL Stone S3I, OumfjiiftiAm D da! ^pbist \ suuh ot m 
aim fTl 11 -tt-^t^L i^httd fKin Aifiain immunotoion u the t eairoent 
it B i.ttt hmphojms re,' tant iovoinentionat tfi«rnp\ Bt>nid ?2 2^4 
2633. i<m 
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